Some of the properties of cold agglutinins in certain human sera have been listed in a recent review (1). The knowledge concerning these properties is based on studies of the phenomenon by various methods in serum or plasma from isolated cases of a large variety of conditions. Sera. The sera used in the present study were obtained from 3 types of individuals: (1) a number of patients with primary atypical pneumonia that were included in the previous study (5); (2) patients with hemolytic anemia associated with cold agglutinins but without atypical pneumonia (these cases have also been referred to in the previous studies (6)); and (3) patients and members of the hospital staff who were free of respiratory disease and of blood dyscrasia. Venous blood was drawn and cell-free serum was obtained by centrifugation after the clotted blood had been warmed at 370 C.
Some of the properties of cold agglutinins in certain human sera have been listed in a recent review (1) . The knowledge concerning these properties is based on studies of the phenomenon by various methods in serum or plasma from isolated cases of a large variety of conditions.
With respect to the cold agglutinins in cases of primary atypical pneumonia, limited studies of certain aspects were reported in 1918 (2) in one case of atypical bronchopneumonia, in 1938 (3) in a similar case, and recently (4) in a few cases which more closely resemble those of primary atypical pneumonia of unknown etiology with which we have been concerned in the previous papers of this series.
In the course of serological studies of cases of atypical pneumonia beginning in the fall of 1942, a number of observations were made on certain features of the cold agglutinin reaction and on the methods used for demonstrating and titrating these agglutinins. Circumstances did not permit extensive and complete studies of all the aspects of this reaction which were contemplated. A number of the observations that were made are of sufficient interest, however, to warrant a presentation of the results at this time, even though some of them are only of a preliminary nature. The investigations which are reported in this paper deal with two broad categories: (1) some serological properties of the cold agglutinins, particularly their relation to the human group isoagglutinins and to cold agglutinins for erythrocytes of other animals, and (2) certain physical properties of the cold agglutinins. Data concerning certain features of the technique are presented in the paper which follows.
MATERIALS AND METHODS
Sera. The sera used in the present study were obtained from 3 types of individuals: (1) a number of patients with primary atypical pneumonia that were included in the previous study (5) ; (2) patients with hemolytic anemia associated with cold agglutinins but without atypical pneumonia (these cases have also been referred to in the previous studies (6)); and (3) patients and members of the hospital staff who were free of respiratory disease and of blood dyscrasia. Venous blood was drawn and cell-free serum was obtained by centrifugation after the clotted blood had been warmed at 370 C.
for at least an hour. Some of the sera had been stored for various periods up to 6 months before the studies were made.
Erythrocytes. Blood was obtained from normal human donors by venepuncture and from animals either by cardiac or venous puncture with either a citrate or oxalate anticoagulant. The blood cells were washed 3 times in a large volume of physiological saline and then resuspended in saline.
The technique of the cold agglutination tests was the same as that employed in the previous studies of this series. Deviations from this method will be mentioned specifically along with other details of methods used in each of the experiments. COMPARISON Table III .
The +++ end-point in the macroscopic agglutination is shown in parentheses along side the + or 1 end-points. When not shown, +++ end-point was <4. 0 = <4 (the lowest dilution tested). All sera heated to 560 C. for 30 minutes before this test.
reports concerning cold agglutinins, its indepence of the human blood groups was demonstrated. It was of interest to determine whether the same was true for the cold agglutinins found in cases of primary atypical pneumonia.
Experimental. Nine specimens of serum in which the cold agglutinin titers ranged from 128 to 2048 were used in this experiment. These sera were obtained from 9 different cases of atypical pneumonia. In order to avoid hemolysis, the sera were heated at 560 C. for 30 minutes before the tests were carried out. It was found on repeated tests that this amount of heating does not materially affect the cold agglutinin titers. In order to remove the group specific isoagglutinins, group AB cells which had been washed 3 times in saline were used for absorption. The sera were added to equal volumes of the washed and packed AB cells, mixed thoroughly, and incubated at 370 C. for 2 hours with frequent mixing during this period. At the end of this time, the serum was removed after centrifugation and tests for cold agglutinins were carried out with the cells of each of the 4 major blood groups.-In the readings, +++ represents a few large tight clumps; + and represent the least amounts of definite agglutination readily visible with the naked eye and with the aid of a lens of 3 X magnification, respectively. The titers are given as the reciprocal of the final dilution of serum.
The results are shown in Only m-inor differences were noted in the titers of cold agglutinins obtained with the group 0 cells and with the cells of the other major blood groups. This was true also for the strong (+++) agglutination which was likewise unaffected. The observed differences are no more than those which are to be expected from cells of different donors;-as will be shown later. Furthermore, the titer of cold agglutinins for the group 0 cells was totally unaffected by the absorption at 370 C.
RELATION OF COLD ISO-AND AUTOHEMAGGLUTININS
A systematic study of this phase was not carried out. During the early part of these investigations, a few specimens of serum and plasma having moderate to high titers were tested simultaneously with autologous cells as well as with group 0 cells from another donor. Patients of both group 0 and of other blood groups were included. The cold agglutinin titers were usually found to be identical or showed a 2-fold difference in favor of either type of cells. Similar results were obtained in tests of a few bloods from cases of atypical pneumonia reported by others (4) .
Since most of the previous workers had made similar observations with respect to cold agglutinins, these studies were not pursued further, it being assumed that these findings were uni- 
RELATION OF COLD AGGLUTININS TO HEMOLYSINS
The reversible cold hemagglutinin for human 0 cells was shown to be completely independent of any hemolysin. Several sera which had high titers of cold agglutinins were tested both in the fresh state and after heating at 56°C. for 30 minutes and adding fresh guinea pig serum. No hemolysis occurred with the human 0 cells, either in the cold or after incubation at 370 C. for 2 hours, in sera from atypical pneumonias or hemolytic anemias. When the sera were heated at 560 C. for 30 minutes before the tests, all of the hemolysis was completely abolished except with the dog cells. Slight to moderate hemolysis of dog cells occurred with every serum tested,--those from normals as well as those from the patients,-in the lower dilutions (up to 1: 20). This did not usually interfere with the agglutination which occurred in spite of the partial hemolysis and could be read with ease.
A. P. = primary atypical pneumonia.
SOME PHYSICAL PROPERTIES OF THE COLD AGGLUTININ
Unfortunately, circumstances did not permit extensive physical and chemical studies of the sera containing high titers of cold agglutinins or of preparations of solutions of the cold agglutinin eluted from erythrocytes. Electrophoretic and antibody nitrogen studies have been made (9) on the serum of a case of gangrene of the extremities which had a high titer of cold agglutinins. The agglutinins in that instance were shown to be associated with the gamma globulin and a titer of 2560 at 40 C. was found to be equivalent to 1.473 mgm. of antibody nitrogen. In the course of the present studies, a limited number of observations were made on certain physical properties of the cold agglutinin in its original serum. Among these were the effects of various temperatures, of certain adsorbing agents, and of filtration through various types of filters. Although these studies were not very extensive and were not all adequately controlled, some of the findings are of interest.
EFFECT OF VARIOUS TEMPERATURES
The thermal range of the cold agglutination reaction has been studied by a number of observers some of whom tested sera from cases of atypical pneumonia. In general, the higher the titer, the more likely is the agglutination to per-sist as the temperature is increased above O°C. This finding was confirmed in a number of sera early in the course of the present studies. In sera with low or moderate titers, the agglutination was completely abolished at room temperature (22 to 250 C.), while those with high titers in the cold often showed considerable agglutination even at 30 to 350 C. Some of them required incubation up to one-half hour or longer at 370 C. to produce complete dispersion. This was true for sera of atypical pneumonia cases with or without anemia as well as in cases of hemolytic anemia without pneumonia.
The titer of cold agglutinins was not affected by heating at 560 C. for one-half hour in any of the sera tested. Temperatures of 620 C. or higher were necessary in order to reduce the cold agglutinin titers appreciably. At temperatures of 660 C. or higher, all the cold agglutinins were completely removed from the sera. In similar studies made with the blood of cases of trypanosomiasis, it was shown (8) that the cold agglutinins were unaffected by heating for 20 minutes at 580 C. but were completely destroyed at 700 C.
EFFECT OF CERTAIN ADSORBING AGENTS
Method. Each of the adsorbents was passed through a copper sieve having a mesh of 100 micra. The pH of suspensions of these agents in saline ranged between 6.8 and 7.4 and, therefore, no buffers were added in these experiments. Equal volumes of the adsorbent and saline dilutions of serum were mixed thoroughly and incubated in a water bath of 370 C. for 2 hours with frequent and thorough stirring. In a second experiment, the effect of such lung preparations on the cold agglutinins of the patients' sera was tested. Antemortem sera from 2 cases were set up for the cold agglutination test in triplicate. One of the sets of tubes containing 0.5 ml. each of serial dilutions of serum and equal volumes of 2 per cent suspension of human 0 cells was used as a control. To each tube in the second and third sets were added 0.1 ml. amounts of a 1: 5 and 1: 50 dilution, respectively, of the patients' own cleared lung suspension. Agglutination was then read after storage in the ice box over night. In one of these tests, the cold agglutinin titer was reduced from 160 to 10 by the concentrated suspension of lung and to 40 by the 1:50 suspension. In the second test, the control titer was only 20 and no agglutination occurred after addition of either of the lung suspensions.
Two other sera from recovered cases were tested in a similar manner with uninvolved and with consolidated portions of lung and with spleen obtained at autopsy from cases of bacterial pneumonia, and also with normal mouse lung. One of these sera had a cold agglutinin titer of 640 480 and the titer of that serum after addition of 20 per cent tissue suspensions ranged from 40 to 80. In the second serum, the original cold agglutinin titer was 160 and the titers of the same serum with 20 per cent tissue extracts added in 0.1 ml. amounts was 40 to 80. In neither case was there any difference between the effect of spleen or of normal or infected lungs.
Hemoglobin solutions and suspensions of red blood cell stroma were used in the same manner as the tissue suspensions. In these experiments, the concentrations of hemoglobin and of red blood cell stroma suspensions were based on the volumes of packed red blood cells, and the concentrations added to the serum-cell mixtures in the cold agglutination tests corresponded to those used in the experiments with other tissues. Neither the hemoglobin solutions nor the suspensions of red cell stroma had any effect whatever on the cold agglutinin titers of the same sera.
These findings suggest the possibility that the affected lung from cases of atypical pneumonia could remove or inhibit the cold agglutinins to a greater extent than the same or other tissues from other sources. Further observations, however, are necessary in order to determine the validity of these findings. DISCUSSION This paper has been devoted to a presentation of a number of observations on the cold agglutinins found in cases of primary atypical pneumonia and of hemolytic anemia. While the results of these studies have some general interest merely as biological observations, the objective of the studies was to define, if possible, the nature of the cold agglutinins in primary atypical pneumonia with the idea of shedding some light on the etiology of this disease. The results of most of these studies revealed no differences between the cold agglutinins in cases of atypical pneumonia and those in the cases of hemolytic anemia without pneumonia. The possibility that the two conditions might be related, however, has some basis. This is suggested by the occurrence of hemolytic anemia, as well as other phenomena such as thrombophlebitis and acrocyanosis, in occasional cases of atypical pneumonia. Cases of these conditions without pneumonia have been found to be associated with autohemagglutination. The relationship, however, may be quite indirect and similar to the finding of heterophile antibodies as a result of a large variety of bacterial infections or following immunizations with bacteria or foreign proteins. The common antigen has not been identified. The present studies indicate quite definitely that the cold agglutinin is not a Forssman antibody though it may be some other type of heterogenetic antibody.
Some of these results, though preliminary in nature, are presented because of their general interest. It is possible that further studies by others who are in a better position to pursue them may yield useful information and shed more light on the now obscure nature of the cold agglutination phenomenon and also on the nature and causes of primary atypical pneumonia and of some of the other conditions associated with cold agglutinins.
SUMMARY AND CONCLUSIONS
A number of serological and physiological properties of cold agglutinins were studied in sera obtained from a number of cases of primary atypical pneumonia and from 2 cases of hemolytic anemia without pneumonia.
Cold agglutinin titers are the same in serum and plasma obtained from the same blood.
The complete independence of cold agglutinins and blood group isohemagglutinins was confirmed. Absorption of the group-specific agglutinins from sera containing moderate or high titers of cold agglutinins left the latter intact.
While cold autohemagglutination and cold isohemagglutination almost always co-exist, suggestive evidence was obtained in two cases of the possible independence of these two reactions.
Cold agglutinins for the erythrocytes of several animal species were found both in normal sera which lacked cold agglutinins for human 0 cells and in sera from cases of atypical pneumonia and hemolytic anemia in which cold agglutinins for human 0 cells were found in high titer. The erythrocytes of some of these animals were agglutinated more strongly and in higher titer in sera containing high titers of cold agglutinins for human cells than they were in the sera of normal individuals. Certain common adsorbing agents had no effect whatever on the cold isohemagglutinins while others removed them either partially or completely from some or from all of the sera tested.
Filtration through common types of bacterial filters at room temperature may remove some or all of the cold isohemagglutinins. Seitz asbestos filter pads were most active in removing the cold isohemagglutinins.
There was no difference in the behavior of sera from cases of atypical pneumonia and of hemolytic anemia without pneumonia with respect to the effects of heating, of adsorbing agents, or of filtration. 
